A practical method of ballistocardiography, easily adaptable to routine office use, is described. The instrument utilized is a portable electromagnetic ballistocardiograph which records the body movements directly. One hundred normal subjects of all ages were first studied by this method. Observations upon the ballistocardiographic findings in patients with hypertensive and coronary artery heart disease are recorded; particular emphasis is placed upon a specific abnormality in the HIJK complex in the ballistocardiograms of many of these subjects.
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ROGRESS in ballistocardiography is necessarily dependent upon innovations in the recording instrument. By utilizing an electromagnetic ballistocardiograph built to the electrical specifications described by Dock and Taubman1 ( fig. 1 ), the ballistic movements of the body can be recorded with accuracy. Our immobile examining table is covered with a portable, firm, wooden, formica-surfaced board; upon this low friction surface, the patient is placed and the ballistic pattern is recorded directly. Any nonmovable, smooth surface table that is available, however, may serve as a recording platform. This method of ballistocardiography provides an inexpensive and accurate technic adaptable to widespread clinical use.
In deciding what type of recording device to use for clinical ballistocardiography, the following considerations were weighed.2 The original table ballistocardiographs3 were impractical for every day clinical use because of their size and cost. The low frequency4 5 type of ballistocardiograph is also not suitable for routine use. Since the subjects must hold their breath during a recording, the valuable information to be gained from the respiratory variations of the Presented in abstract at the First International Cardiological Congress, Paris, France, September 8, 1950. ballistocardiogram is lost. Furthermore, the clinically significant L and M waves are damped out. Experimentation showed that through simple methods a high frequency ballistocardiogram could be recorded directly from a human body resting upon a hard surface. The choice then lay between a filtered photoelectric pick-up and the electromagnetic recorder. In favor of the former was its superiority in detecting the high take-off of the K wave in coarctation of the aorta; in favor of the latter was its ability to accentuate the notched J wave in myocardial and valvular disease. Against the photoelectric pick-up were the facts that bulbs and batteries must be renewed; that bulb intensity falls off gradually with age; and that adjustment is highly critical. A slight shift in the centering of the shadow on the photocell caused a large variation in the amplitude of the waves recorded. Similar shifts in centering the coil in the magnetic field resulted in less change in the amplitude of the electromagnetic tracing, and the instrument required no renewal of parts with age.
Since under the best conditions ballistocardiogram records vary with phases of digestion, with respiration, and with environmental temperature,6 the sacrifice of convenience and dayto-day constancy of results, in order to achieve more nearly exact and linear response to body motion under ideal conditions of subject and instrument, seems unwise. From a practical as- (fig. 2) . The coil of wire is placed 2 or 3 mm. away from the proximal magnet. The magnitude and the direction of the current that is induced in the coil of wire by the movement of the magnetic field is recorded by connecting the wire coil system to the lead terminals of the standard recording string electrocardiograph machine.
(By mounting a horse shoe HS 2V Alnico (V) magnet upon the wooden bar, which results in a stronger magnetic field, a direct-writing instrument may serve as a recorder.) The strength of the magnetic field remains constant; the coil is always placed in the same position in respect to the magnets; and the galvanometer is always standardized so that 1 cm. X 4 inch, to provide the magnetic field in which the above specified wire coil system moves.) Of greater importance than the actual size of the HIJK complex is the fact that it must be clearly distinguished and not equalled or overshadowed by the after waves. How little difference in amplitude exists between the inspiratory pattern as compared to the expiratory is also of definite clinical import.
II. IJSE ON A GROUP OF NORMAL SUBJECTS
To provide a control series using this ballistocardiographic technic, records were taken on 100 consecutive subjects, in whom, by clinical examination and evaluation of history, there was no reason to suspect heart disease. Sixtytwo were over 50 years of age. All blood pressure readings were in the normal range for the respective age groups. The youngest subject was 10; the oldest 75 years of age. Only 3 ballistocardiograms from the subjects under 50 years of age were considered abnormal; these 3 abnormal tracings were among the 32 records taken from presumably normal persons in the fifth decade of life. Of the 48 subjects in the sixth decade, 22 per cent had ballistocardiograms which were classified as grade 3 or 4. Another 8 per cent demonstrated grade 1 or 2 changes, particularly after exercise. Starr's"1 statistics suggest that a high proportion of these patients with abnormal ballistocardiograms will show evidence of heart disease over a 10 year period as compared with the patients with normal ballistocardiograms. Of the 14 subjects over 60, 6 had normal ballistocardiograms and 3 showed minimal abnormalities. Undoubtedly, the increased incidence of aortic rigidity, emphysema, and flabby abdominal muscular tone which accompanies aging, as well as asymptomatic myocardial changes, accounted for these abnormal ballistocardiograms in persons without evidence of heart disease.2
III. BALLISTOCARDIOGRAM IN ESSENTIAL HYPERTENSION
Sixteen patients with uncomplicated essential hypertension had ballistic patterns well within the range of normal. The blood pressure range was 140/90 to 185/110 in this group of patients. The youngest was 20, the oldest 47 years of age. Urine examinations were negative, the eye ground findings were minimal, and the patients had no complaints referable to hypertension. Figure 3 is the ballistocardiogram of an asymptomatic 32 year old man, J. M. His blood pressure was 185/100. The electrocardiogram was normal. The ballistocardiogram also was within normal limits. The upper tracing was taken under basal conditions; the lower after performance of a two step exercise test. It is our concern in young hypertensives to rule out coarctation of the aorta. The very prominent J-K stroke in this latter case was helpful in eliminating this as a cause of the hypertension. Brown and co-workers 12, 13 have shown that a short J-K stroke is characteristic of coarctation of the aorta. It should be noted that an increase in the amplitude of the J-K stroke is seen frequently in normal subjects of a tall, thin habitus'4 after having performed the two step exercise test. The I-J amplitude may remain equal to the pre-exercise I-J or increase, but not to the degree that the J-K does. An increased J-K stroke is found commonly in normal ballistocardiograms in hypertensive persons. When the J-K stroke becomes the most prominent ballistic deflection because of a proportional decrease in I-J amplitude, we have found this to be indicative of myocardial dysfunction. Dock2 has shown that the J-K stroke may become markedly increased during the expiratory phase in ballistocardiograms taken of pregnant women. The ballistic patterns revert to normal within two weeks postpartum in these patients.
In 22 patients with hypertension, who were entirely free of complaints suggesting coronary insufficiency, but in whom there was evidence of definite vascular disease, only 2 normal ballistocardiograms were obtained. None of these patients was in heart failure. Five of these patients had electrocardiogram findings characteristic of left ventricular hypertrophy. Seven patients showed left ventricular hypertrophy and negative T waves in leads I and II, and in V4, V5 and V6. Ten patients had normal electrocardiograms. The normal ballistocardiogram patterns were obtained from subjects with normal electrocardiograms. Upon attempting to determine whether there was a specific abnormal wctave pattern obtainable from patients with hypertension, we found that the ballistocardiographic abnormalities were qualitatively similar in 75 per cent of the abnormal tracings. The fact that this abnormality became more marked in the more severe hypertensive states suggests that this particular abnormality represents evidence of the effect of hypertension upon the myocardium. Actually, the abnormality in these cases depicts not the hypertensive effect upon the heart, but the heart's atypical cardiac ejection wave in response to hypertension. We apply the term "deep Kt stroke pattern" to describe this abnormality. Starr3' 15 was the first to describe the deep K stroke pattern in hypertension. He called it the "late downstroke type" pattern. The ballistocardiographic findings consisted of "a shallows and indefinite I wave, followed by a slow, often fluctuating rise to J, terminated by a sharp downstroke J-K occurring late in systole and making the most prominent feature of the record."3 Evidence was provided to show that this configuration is due to abnormal curves of blood velocity in the great vessels, the maximum expulsion velocity not being obtained until late in systole.9 It should be noted that the diminution of amplitude of the HMJ complex is as important a factor in this abnormality as is the prominent J-K stroke. The HIJ complex is the ballistic representation of cardiac output in normal subjects. In these patients, the cardiac output does not diminish in proportion to the lessening of the HIJ wave, but merely gains its ballistic representation later in systole. Animal experiments9 demonstrated that this type of abnormality could be produced by asphyxia. We prefer the term deep K stroke pattern rather than late dowinstroke pattern because of the fact that this configuration may occur as early in systole as the J-K of a normal ballistocardiogram, as indicated by the time interval between the peak of the radial pulse wave and the end of the .1-K downstroke. Starr's experience suggested that this ballistic abnormality indicates serious myocardial dysfunction. This difference in amplitude between the HIJ and the J-K waves appears to be greatest in patients with long standing hypertension or those who have progressed to the malignant state, when the strain on the myocardium can be assumed to be maximum. Figure 4 is the ballistocardiogram of A. J., a 38 year old man whose only complaint was recurrent headaches. His blood pressure was 195/110. Examination of the eye grounds showed angiospasm. The heart was of normal size on roentgen study but the configuration suggested left ventricular hypertrophy. The electrocardiogram was normal; the ballistocardiogram ( fig. 4) showed normal waves under basal conditions. After performance of the two step exercise test, there was a shortening of the I-J stroke in comparison to the J-K deflection   FIG. 4 ballistocardiogram is characteristic of an abnormally high cardiac output.9 The electrocardiogram showed minor myocardial changes.
IV. PATIENTS W-ITH CORONARY ARTERY DISEASE
The classification of Brown and associates10 is helpful in describing the ballistocardiogram in the group of subjects with complaints of angina pectoris. Often, in this group, we have found that the only ballistic abnormality detectable is some degree of the short I-J and deep J-K stroke pattern. As is so common in coronary artery disease, this abnormality may be seen only in the expiratory phases. Furthermore, the deep K stroke pattern may be detectable only after the subject has performed a two step exercise test,"6 the increase in myocardial effort causing this pattern to appear or to become more prominent.'7 The deep K stroke ballistic abnormality is easily fitted into the gradation classification of Brown and coworkers. The abnormality in a grade 3 or a grade 4 ballistocardiogram, using this classification, is usually more bizarre than the prominent J-K stroke pattern and could suggest, in a postcoronary patient, extensive myocardial damage. (In these abnormal, bizarre patterns, the routine concomitant pulse wave record becomes of great importance in correctly identifying and interpreting the waves.) The deep K stroke pattern usually results in a grade 1 or grade 2 classification unless it is extremely accentuated. This may be the earliest ballistic abnormality in coronary insufficiency.
Of how much prognostic significance the degree of ballistic abnormality in angina pectoris is, is not absolutely certain. Many patients will have to be followed for long periods of time. Dock2 has found that people with coronary artery disease whose ballistocardiograms are classified grade 3 figure 7 . Her blood pressure was 165/100. The physical examination was noncontributory. Because of the clinical history, a diagnosis of coronary artery disease was entertained. The electrocardiogram was normal and the ballistocardiogram was physiologic. We ascribed the patient's complaints, finally, to radicular pain secondary to scoliosis of the cervical and upper thoracic spine.
EEM~-------------~------
In figure 8 , the ballistocardiogram represented is that of a normotensive, thin 55 In figure 9 , we see an example of a ballistocardiogram which shows a striking deep J-K deflection pattern under basal conditions. M. S. is a 45 year old normotensive man, with left chest and shoulder pain alleviated by nitrites. The electrocardiogram shows minor myocardial changes. In this case, we find the two step exercise test resulting in a ballistic pattern which more nearly approaches normal. '7 While this improvement in pattern suggests a better prognosis, it will be necessary to follow this group of patients, whose cardiac muscle work pattern improves with exertion, to evaluate the true significance of this finding.
In figure 10 is demonstrated an abnormal ballistocardiogram, resulting from effort. P. R. was a 44 year old normotensive white man who had been treated for peptic ulcer for many years. For the past 10 months, he had been complaining of precordial pain on effort. patients had normal ballistocardiograms at rest. Only 3 remained normal after effort. The time interval between the coronary thrombosis and the ballistocardiographic study was greater than one year in 63 cases. The ballistocardiogram may prove to be a valuable prognostic guide for these patients. 22 We have noted a significant correlation between the severity of angina or incapacitation in these subjects and the degree of abnormality in the ballistocardiogram. In doing serial studies immediately after the erythrocyte sedimentation rate has returned to normal and after the electrocardiographic records show no further change, a gradual improvement in the ballistocardiographic pattern appears to parallel the patient's clinical recovery. Although some patients with persistent grade 3 or 4 abnormalities do make apparent clinical recovery, it is our impression, to date, that the postcoronary patients who develop ballistocardiograms that more nearly approach normal have the better functional recovery. From our experience, we feel that routine ballistocardiography is an important diagnostic and prognostic guide in the study of heart disease.
SUMMARY

